"In accordance with Starling's law of the heart, or so-called heterometric autoregulation, cardiac output is intimately dependent on Pv, since right atrial pressure is virtually identical to central venous pressure." 1
The interdependence between cardiac work and diastolic volume was first described in 1856 by Carl Ludwig: "a strong heart that is filled with blood empties itself more or less completely, in other words, changes the extent of the contractile power" 2 . Germany, in the latter part of the 19th century, was the centre of scientific medicine and many physicians travelled there to study with scientists such as Ludwig. Many of his students contributed to the accumulating body of knowledge about cardiac physiology 3 .
Prior to World War I, medical education in Britain was often criticised for the lack of science in the curriculum. The end of the war and the subsequent isolation from Germany fostered change in the system. The physiologist, Ernest Henry Starling wrote to the British Medical Journal: "We do not want the medical man or student entering the wards to have at the tip of his tongue the properties and atomic weights of all of the elements, or to be prepared to give a historical account of the views concerning the origin of the heart beat. We do want, however, that the student shall have dipped so deeply into the sciences of chemistry and physiology that he has become imbued with the scientific spirit, and that he knows where to turn to refresh his knowledge on any matter germane to the problems which concern him on the ward" 4 .
Starling's research centred on the mammalian heart and the relationship between venous inflow, venous pressure and ventricular output. He spoke and published widely on the subject but acknowledged that he was not the first to describe the relationship between enddiastolic volume and the work of the heart. The prominence that Starling achieved for his "Law of the Heart" occurred, not because he discovered something new, but because of his commitment to teaching and applying physiology to clinical medicine.
This applied physiology initially created some confusion as dilation of the heart had long been thought to be synonymous with cardiac disease: "Dilation of the heart… has long been recognised among the changes associated with valvular heart disease. The view taken was that it was a sign of weakness, a sign that the heart was yielding to some stress or strain more than it could effectively deal with… On the physiological side Starling and his co-workers have recently promulgated some new views on this subject" 3 .
Once the physiology was accepted, it was still some time before measurement was applied to clinical situations. Clinicians began measuring central venous pressure (CVP) in the 1950s but principally as an experimental tool, not as a determinant of therapy. In 1966, Ryan and Howland conducted an investigation to determine whether CVP measurement was useful in assessing blood loss during operations. "Various procedures have been used in an attempt to solve this problem: weighing of the patient before and after surgery; volumetric and gravimetric determination of blood loss during operation; performance of serial haematocrit determinations… These have proved less than ideal. Some recent investigators have suggested that an accurate index of the adequacy of blood volume during shock is provided by the central venous pressure" 5 .These investigators used two methods of cannulation -a 2 inch plastic 16 gauge needle in the external jugular vein and a 24 inch plastic 16 gauge catheter in the antecubital vein. The catheters were attached to a disposable water manometer with a three-way stopcock and connected to an infusion of 5% dextrose. They discovered much that was previously unknown -that CVP became elevated with certain surgical positions, with Trendelenburg tilt and with packing of the abdomen, and that there were significant changes during thoracic surgery. It was also noted that the CVP rose dramatically in patients with congestive cardiac failure. They concluded "The CVP was found to reflect myocardial competence rather than blood volume. Early changes in CVP with blood loss were found only when haemorrhage was extremely rapid (>10 units in 30 minutes)."
An editorial note by Richard Theye follows this article: "Central venous pressure is a pressure measurement and is useful only as an index of right ventricular diastolic filling pressure…CVP measurements are useful in diagnosing the basis and guiding the therapy of a reduction in cardiac output".
These principles guided the increasing use of CVP monitoring in anaesthesia which led then to challenges with equipment. "One of the most difficult problems in the continuous measurement of central venous pressure is that of maintaining a steady baseline for the water manometer when the position of the patient is changed" 6 . Even in the intensive care units, water manometers were initially the standard method for measuring the CVP and required regular zeroing with various levelling devices.
Long (24 to 30 cm), wide bore (14 to 16 gauge) percutaneous intravenous polyethylene catheters and disposable CVP manometers became available in the 1960s 7 . Initially, many anaesthetists used peripheral sites such as the antecubital median basilic vein, the external jugular or femoral vein for cannulation. Subclavian puncture, first described in 1952 by Aubaniac, became popular with anaesthetists in the late 1960s 8 . Paediatricians used the internal jugular route for many years before it too found its way into anaesthesia around the same time 9 . Initially only single-lumen catheters were available, although the concept of a multi-lumen catheter was patented in 1976 by Randolph Howes 10 . In collaboration with Howes, Arrow International produced the first multi-lumen central venous kit in 1982. These kits also included a Seldinger wire, a technique for central line insertion which evolved in the 1970s. Sven-Ivar Seldinger had pioneered the catheter-over-wire technique in angiography in 1952 11 and the guidewire technique rapidly expanded into other areas of vascular and surgical access.
In the 1970s, complications arising from the insertion of central lines became evident as the subclavian and internal jugular veins became the accepted routes of cannulation. Complications such as arterial puncture, pneumothorax, sepsis, air embolism and catheter embolism were described and continue to occur; more recently the use of ultrasound has been recommended to improve patient safety 12 . Despite the complications and the recognised limitations of measuring only right-sided pressures, CVP measurement with modern transducers is straightforward, and now routine in intensive care units, operating theatres and emergency departments.
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